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To permanently maintain profitable systems of agriculture is 
our most important material problem, not only in Illinois, but in 
the United States of America. It is necessary that agriculture as 
an industry shall be self-supporting, and agriculture must in large 
measure support our other important industries. Every form of 
agriculture rests primarily upon the fertility of the soil, whether it 
be graip. farming, fruit g'rowing, dairying, or live stock husbandry. 
Some small countries can derive their support largely by con-
ducting commerce and manufacture for other countries, being en-
abled from the profits .of their enterprise to purchase food and other 
necessities from their colonies or from other agricultural countries; 
and some forms of intensive agriculture, as market gardening, can 
be supported in restricted areas by the waste fertilizing rna terials 
from nearby cities, but we may well remind ourselves that the 
American Nation and the general agriculture of America must be 
self-supporting; for we can never hope to draw upon our colonies, 
nor upon other countries for our support. 
*An address read before the Illinois State Farmers' Institute at Quincy, February 20, 1907. 
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If we succeed in Illinois in discovering, and in demonstrating, 
and in practicing, permanent systems of profitable agriculture, this 
State will be the first example in the history of the world to adopt 
agricultural methods that will maintain the fertility of the soil 
without the purchase of food and fertilizer from foreign countries. 
RAPID LAND RUIN 
Among all the nations of the earth the United States stands 
first in rapidity of soil exhaustion. The improvement of seed, the 
use of tile-drainage, the invention and immediate adoption of la-
bor-saving agricultural machinery, the wonderful development of 
cheap and rapid means of transportation, and the openjng of the 
world's markets to the · American farmer, have all combined to 
make possible and to encourage the rapid depletion of American 
soils, until agricultural ruin already exists, practically, over vast 
areas in the older parts of this new country, the United States of 
America, while it is common knowledge that even in this new rich 
State of Illinois the lands that have been under cultivation for 
half or three-quarters of a century are much less productive now 
than they once were. 
In our prosperity and abundance we almost forget the present 
famine in Russia;* can scarcely realize that much of the time 
more people are hungry in India than live in the United States; 
and will not remember tomorrow the call of today from President 
Roosevelt and from our state governors for help to relieve the 
wide spread famine and actual starvation now existin~ in China. 
Meanwhile, shall we go on, as a people, ignorantly, carelessly, or 
wantonly robbing o"ur soil of its fertility and American posterity 
and our children of a rightful heritage? 
The almost universal practice of the civilized world to this 
date has been to ruin land, and then to seek out newer lands on 
which to repeat the process even more quickly. There is ex-
treme poverty among the people of the world almost wherever 
*Kazan. Russia, Feb. 20.-"Tbe correspondent of the Associated Press bas returned 
here after a twenty-five days' trip through Kazan, Samara and Ufa·. three sample provinces 
of the twenty affected by the famine. The correspondent investigated the situation in all 
directions, travelling 500 miles by. sleigh in districts remote from railroads where the dis-
tress is most acute. · 
The population everywhere was found absolutely dependent on outside relief. The 
present state of affairs is characterized by slow starvation and extreme misery. The gov-
ernment's allowance of 36 pounds of rye per person, per month, is most inadequate and this 
amount is cut by 18 or 20 pounds hy the cost of transportation and millina-, Men and even 
women between 18 and 55 are excluded from receiving the government ration. In the provmce 
of Ufa there is scarcely half the quantity of grain necessary for ordinary subsistence of the 
people and peasants are in such weakened physical condition as the result of succession of bad 
harvests that supplementary assistance is necessary for thousands to make it possible for them 
to survive until spring and have strength enough to plant their new crop. The reports from 
other districts are practically the same, the burden of all being intense suffering and gloomy 
outlook for the future." (From a disva.tch in the daily newspavers of February 20. 1907.) 
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they are dependent for support upon the agricultural resources of 
ordinary land that has been under cultivation for two centuries . 
. I repeat that, if it is possible, and if we shall succeed in Illinois 
in discovering ansi adopting into general agricultural practice 
systems of farming that will restore our soils to their virgin fertil-
ity and permanently maintain a high productive capacity .for these 
Illinois lands, it will be the first time for this to be accomplished 
anywhere in the world over such an area. 
1f we are ever to adopt systems of soil improvement it must be 
done while we are prosperous. People living in poverty on im-
poverished lands have no money to invest in the improvement of 
their farms, no matter how great returns such investments would 
promise in future years. Soils that have been running down for 
a century canno~ be built up economically in a year, so as to pay 
an immediate profit on the improvements. 
While many Illinois farmers are already beginning to adopt 
methods of permanent soil improvement, by far the most common 
practice in the State, if continued, must inevitably result in land 
ruin. The only kind of soil treatment in cqmmon use that is 
even believed to benefit the soil is crop rotation including an oc-
casional clover crop. It is a fact however, that crop rotation is a 
means of depleting the fertility of the soil, and clover used in this 
way in grain farming serves only as a most powerful soil stimulant, 
leaving the soil poorer with every passing rotation until crop yields 
become reduced, clover being the first crop to fail in this system. 
It is at this point in the process <;:>f soil depletion that land values 
usually begin to decrease, and as a rule this decrease is rapid. 
Under the successful clover system of grain farming the landowner 
~ay receive one-half of a sixty- bushel crop of corn, which. at 35 
cents a bushel will provide 50 cents an acre for taxes and still 
leave $10 an acre, which is sufficient to pay five percent interest on 
$200 land. But ten or twenty years after the clover system fails, 
the landowner may be receiving only one-third of thirty bushels 
of corn per acre, which with the same price and taxes would leave 
him only $3.00 an acre, or sufficient to pay five percent interest 
on $60 land. 
. There are now on_ file in my office at the Univers~ty about ten 
thousand letters relating to soils, written by Illinois farmers .and 
landowners during the past' six years. F~om this mass of corres-
pondence alone, I feel . that· I know the opinion of the ~ost pro-
gressive and observing farmers in.Illinois regarding the tendency 
of crop yields. under pr~se~t systems of farming. The following 
• 
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extract is taken from a letter received from Plainfield, Illinois, 
since the preceding paragraph was written: 
''Will County is a rich agricultura1 part of Illinois naturally; 
but fifty to sixty years of cropping, with no systematic and scien-
tific effort to keep up soil fertility has resulted in a decrease in 
yield of crops from 25 to 35 percent. If this continues another 
generation, it will be proportionately worse, and farms now held 
at $125 to $150 per acre will be held at $65 to $80 of necessity." 
PLANT FooD IN RicH SoiLS 
Lands that are valuable produce large crops. Soils that pro-
duce large crops are rich soils. Rich soils contain a large store 
of plant food. If we are to maintain Illinois lands in a high state 
of productiveness and at a high value, we must maintain in our 
soils a large supply of every essential element of plant food. 
It is worth while to remember that there are ten essential 
elements of plant food. If the supply of any one of these ele-
ments fails the crop will fail. These ten elements are carbon and 
oxygen, taken into the leaves of the plant from the air as carbon 
dioxid; hydrogen, a constituent of water, absorbed through the 
plant roots; nitrogen, taken from the soil by all plants and also 
secured from the air by legumes; potassium, phosphorus, mag-
nesium, calcium, iron, and sulfur, . all of which are secured only 
from the soil. 
The soil nitrogen is contained in the organic matter, or hu-
mus, and to maintain the supply of nitrogen we should keep the'soil 
well stored with organic matter, making liberal use of clover or 
other legumes which have power to secure nitrogen from the in-
exhaustible supply in the' air, the clove-r being plowed under 
either directly or as farm manure. 
It is interesting to know that an acre of soil seven inches 
deep, ·if it possessed the. average composition of the earth's crust, 
would contain sufficient iron to meet the needs of one hundred 
bushels of corn every JTear for 240,000 •years, sufficient calcium 
for 61,000 years, magnesium for 7,600 years, sulfur for 2,100 
years, and potassium for 2,400 years, but sufficient phosphorus 
ior only 120 years. 
These numbers are based upon the average composition of 
the earth's crust, as estimated by Professor F. W. Clarke of the 
·united States Geological SY.rvey. They are certainly significant 
to the student of soil fertility, although perhaps no soil possesses 
exactly the average composition of the entire crust of the earth. 
It is also of interest to know that the nitrogen resting on an 
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acre of the earth's surface is sufficient for 100 bushels of corn 
every year for 700,000 years, although the nitrogen contained in 
the plowed soil of an acre is rarely sufficient for more than fifty 
such crops. 
Only two essential elements of plant food are. becoming de-
ficient in ordinary Illinois soils. These are nitrogen and phos-
phorus, neither of which is contained in the plowed soil of our 
commonest lands in larger quantity than would be required for 
maxium crops during the full time of one life. 
There are some soils whose fertility can be maintained at low-
yielding power by crop rotation alone. This is on sloping land 
whose surface soil is washed away at least as rapidly as the fertil-
ity is removed by crops and whose subsoil is as rich or richer than 
the surface in mineral plant food. 
I have found some places where soils of this topography, with 
subsoils rich in mineral plant food, have been cropped for centu-
ries with the production of two or three grain crops every ten or 
twelve years, the intervening years providing for the accumula-
tion of nitrogen by legumes while the land is kept in pasture. 
These lands are valued at about $10 to $20 an acre and so far as I 
can see this value can be maintained indefinitely without the ap-
plication of farm manures or other plant food materials. 
But I cannot comprehend how it is possible to maintain the 
common Illinois prairie and level upland timber soils at their 
pre.sent value and productive power if we continue to remove from 
these lands larger amounts of phosphorus and nitrogen than are 
returned. 
During the past year I have had some very interesting cor-
respondence with Doctor W. E. Macklin of Nankin, China, who 
bas spent many years of his life as a student of Chinese and J ap-
anese conditiions. 
On September 1, 1906, I wrote Doctor Macklin as follows: 
''It would also be of much interest and value to me to learn 
the conditions on approximately level upland plains,-lands which 
are not subject to erosion by surface washing and which do not 
receive deposits of soil material washed from higher lands. If 
there are such lands in China, it seems to me that if they have 
been cultivated for thousands of years and the crops largely re-
moved they must have become exceedingly unproductive." . 
On October 6, 1906, Doctor Macklin replied as follows: 
"I think you have struck the problem of China,-how to 
make the table and upland soils productjve ........ I know a place 
10 miles in diameter of such land as you mention where no one 
lives ...... There is lots of such land in China and even in North 
Japan where I have travelled." 
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This letter from China only confirms a common observation 
in all old agricultural regions so far as I have seen them; namely, 
that without the return of plant food in some form the level up-
lands must ultimately become practically worthless and ba,rren, 
while the sloping hill lands maintain a very low grade of per-
manent agriculture. 
It is certainly good farm practice, and usually the best farm 
practice, to remove the largest possible quantities of plant food 
from the soil, for the simple r eason that large crops require large 
quantities of plant food; but it is no less important to restore to 
the soH, when needed, even larger quantities of plant food than 
are removed,-by turning under legume catch crops and crop 
residues not r emoved from the field, by returning manures pro-
duced on the farm, and so far as necessary by the purchase of com-
mercial plant food, such as phosphorus in bone meal or rock 
phosphate, or, if needed, potassium in concentrated potassium 
salts. 
EFFECT oF CRoP RoTATION 
Let us consider in further detail the effect of crop rotation on 
soil fertility. Suppose we are practicing a four-year rotation, in-
cluding corn for two years, oats with clover seeding the third year, 
and clover for hay and seed crops the fourth year. Let us as-
sume such ,erop yields as have been produced and as can be pro-
duced, in normal seasons on the richest, best treated land, with 
good seed and good farming; namely, 100 bushels of corn per acre, 
100 bushels of oats, and 4 tons per acre of clover, including per-
haps 3 tons in the hay crop and 1 ton in the seed crop. If we do 
not succeed in securing these yields we should at least try to 
make such yields possible and we should approach as near to them 
as we can. (On the best treated land at the University: 87 bushels 
of corn per acre have been produced as an average of the last five 
years, .and on three different soil experiment fields in the state we 
~ have harvested more than 90 bushels of oats per acre.) 
Let us first consider th.e phosphorus required for this rotation. 
The two crops of corn will each require 23 pounds, 17 for the grain 
a:r;td 6 for the stalks~ the oat crop will require 15 pounds of phos-
phorus, about 11 for the grain and 4 for the straw; and the 4-ton 
crop of clover will require 20 pounds of phosphorus. Thus we see 
that 81 pounds of the element phosphorus will be required for the 
rotation. If we leave the stalks on the land the requirement is re-
duced to 69 pounds of phosphorus, or to about 17 pounds a year 
per acre. 
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Suppose the soil contains in the first 7 inches 1200 pounds of 
phosphorus per acre, which is about the average of the principal 
type of soil in the Illinois corn belt: how many years would be re-
quired to remove this amount from the land if it could be· drawn 
upon at this rate? Only seventy years. On the other hand, sup-
pose with this crop rotation, we can secure from the soil the equiv-
alent of only one percent of the phosphorus ~ontained in the 
first 7 inches. This would be only 12 pounds of phosphorus a year, 
which would necessarily reduce the crop yields much below the 
amounts suggested above, and, with the furthur reduction in the 
total amount of phosphorus year by year, the crop yields must be 
reduced accordingly. 
On the ordinary soils of Illinois ultimate failure is the only fu-
ture forthis system of farming, even if we consider the phos-
phorus alone; although, as stated above, the phosphorus may be 
returned in bone meal, in rock phosphate, or in sufficient amounts 
of farm manure. · 
If we consider the element nitrogen in this system of farm-
ing we find that 200 bushels of corn require about 200 pounds of 
nitrogen, aside from that required for the stalks, and the ~talks 
must be returned to the land without burning, otherwise the 96 
pounds of nitrogen required for the two crops of stalks will also 
be removed from the land. The oats crop will remove 90 pounds 
of nitrogen, making 290 pounds per acre for the corn and the 
oats. 
The four tons of clover will contain about 160 pounds of ni-
trogen and the clover roots and stubble about one-half as rrtuch as ' 
the tops, or 80 pounds per acre. If all of the nitrogen contained 
in the entire clover crop is taken from the air, the rotation would 
add only 80 pounds of nitrogen to the soil while the corn and oats 
would remove 290 pounds. 
How then is it possible to maintain the supply of nitrogen by 
this rotation? It is not possible. Under such a rotatlon with 
all crops removed except the corn stalks, the supply of nitrogen 
grows less and less. Where this rotation is successful for a time 
it is due to the fact that the soil nitrogen has been drawn upon 
year by year while the chief effect of the clover -has been to ex-
tract phosphorus from the soil for its own growth and for the 
use of succeeding crops. 
There is another point to be considered in reference to ni-
trogen. On land that is capable of furnishing sufficent nitrogen 
for even a 50-bushel crop of corn, the clover crop wHl undoubt-
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edly draw a third of its nitrogen from the soil and not more than 
two-thirds from the air. Consequently, since two-thirds of the 
nitrogen in the entire plant is removed in the tops, the roots and 
stubble will leave no more nitrogen in the soil than the plant 
takes from the soil. How then can we maintain the supply of ni-
trogen in the soil? By plowing under sufficient clover or by ap-
plying. sufficient _farm manure or better by using both of· these 
means. 
If all the crops grown in the rotation are fed, including the 
corn stalks, containing a total of 526 pounds of nitrogen from 
four acres, and if three-fourths of this, or 395 pounds, are return-
ed in the manure, we have sufficient to replace the 386 pounds re-
moved in the corn and oat crops, and we may assume that the 160 
pounds of nitrogen removed in the clover came from· the air. Of 
course some additional nitrogen will be saved in the- straw and 
stalks which are used directly for bedding and not for feed. 
How shall the grain farmer maintain the nitrogen in his soil? 
Possibly this can be done by plowing under everything produced 
except the grains and the clover seed, preferably- only one corn 
cr0p being grown in the rotation. 
The problem of maintaining the nitrogen becomes easier if 
we extend the rotation to include about two years of pasture, us-
ing a mixture of red clover, alsike, timothy and red top instead 
of seeding red clover only, with the oats. In this case three grain 
crops, as corn, oats, and wheat, or corn two years and oats one 
year, could be grown during the six-year rotation, the land being 
kept iri. meadow and pasture one-half of the time. 
USE OF FARM MANURE 
Farm manure always has been, and without doubt always.will 
be, the principal material used in maintaining the fertility of the 
soil; but it .is an unquestionable fact that the greatest source of 
loss to American agriculture today is in the enormous waste of 
farm manure. 
If corn were worth $1.05 a bushel, then the average annual 
value of the corn crop of the United States for the past ten years, 
including 1906, W<?uld be equal to the average value of the total 
farm manure annually produced in this country. This statement 
is based upon the careful estimates of the United States Depart-
ment of Agriculture, placing the average annual corn crop at 
nearly 2-l billion bushels, and the average value of the manure 
annually produced by 20 million horses and mules, 61 million cat-
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There is no good excuse for erroneous teaching regarding 
these different values because there exists a vast amount of pos-
itive information both from practical experience and from exact 
scientific investigations. 
Thus, organic matter from peat beds hauled out and spread 
on the land and incorporated with the soil produces no such ef-
fects on crop yields as are produced by good farm manure. Why? 
Because the peat does not decay readily so as to furnish plant 
food either by its own decomposition or by liberating it from the 
soil; and yet the peat has as great power as farm manure for 
physical improvement of the soil. 
Manure made from clover hay and heavy grain rations has 
much greater value than manure made from wheat straw. Why? 
Is it because they affect the physical conditions of the soil in dif-
ferent ways? No. The great difference in value is due to the 
difference in plant food and in rapidity of decay. 
At the famous Agricultural Experiment Station at Rotham-
sted, England, on a field to which no manure and no plant food 
have been applied the average yield of wheat has been 13.1 bush-
els per acre for more than half a century. * Land treated with a 
heavy annual application of farm manure has produced 35.7 bush-
els of wheat per acre as an average of 51 years. Another field 
treated with commercial plant food without organic matter has 
produced 37.1 bushels of wheat per acre a~ an average during the 
same time. The latter field received a little less plant food than 
was furnished in the manure, thus furnishing ample proof of the 
value of plant food supplied in manure, and showing that the 
physical effect of the farm manure was by no means so important. 
Nevertheless the physical effect should not be overlooked. 
Under certain seasonal conditions this physical value may be very 
important. Thus, in the very dry season of 1893 at Rothamsted 
the land fertilized with commercial plant food produced only 21.7 
bushels of wheat per acre, while the farm manure plot produced 
3(2 bushels the same year. 
In semi-arid regions the .Physical condition of the soil and its 
-power to absorb and retain moisture may be the controlling factor 
in crop yields, but where the average annual rainfall is 28.21 
inches (as at Rothamsted) or 37.39 inches (as in Illinois), with a 
fairly uniform distribution during the growing season, the physi-
cal conditions of the soil in relation to crop yields may be compar-
ed to the shelter and other physical surroundings provided for 
live stock. In other words, under normal conditions the controll-
ing factor is food, for crops as well as for live stock. 
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While manure has some value for physical improvement and 
a larger value of its power to liberate plant food from the soil, it 
should be clearly understood and always borne in mind that the 
great value of farm manure, especially in profitable systems of 
permanent agriculture, is due to the plant food it contains, and 
that the greatest problem in the handling of farm manure is to 
prevent the loss of plant food. 
The value of average fresh farm manure is about $2.25 a ton 
either when determined by chemical analysis on the basis of pre-
sent market values for the plant food contained in the manure or 
when determined by the value of the increased crop yields pro-
duced when the manure is applied to the fields in ordinary crop 
rotations. 
This means that a pile of average fresh farm manure contain-
ing 100 tons is worth about $225. If exposed to leaching from 
heavy rains during only two or three months in the spring the 
value will be reduced as a rule from $225 to about $150 by the loss 
of plant food without much reduction in total weight. Indeed, the 
total weight is frequently increased under such conditions because 
the rain water that remains in the manure may be in greater 
amount than the urine that has been washed out. Fermentation 
and additional leaching during the summer may easily reduce the 
value to $100 or less. 
There are two satisfactory methods for handling manure: 
One of these is to haul and spread the fresh manure daily, or 
at least two or three times a week. For this purpose a manure 
spreader, or at least a wagon used for this work only, is very use-
ful and almost necessary. 
The other method is to allow the manure to accumulate in the 
stall or covered feeding shed while it is constantly tramped by 
the animals and kept moist by the liquid excrement, sufficient 
bedding being used to absorb the excess and to keep the stock 
clean, and then to haul and spread it on the land when conditions 
permit. It should not be left, however, to dry out and heat and 
decompose in the stalls or sheds long after the animals have been 
turned out to pasture. 
SELLING FERTILITY 
Every system of farming should be so planned as to be both 
profitable and permanent, which requires that the productive cap-
acity of the land must be maintained. We must understand then 
what the soil contains, what materials are required to produce 
crops, in which parts of the crops these different materials are 
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deposited, so as to know what part of the produce may be sold 
and what part should be retained on the farm; also what is <}one 
with these important plant food materials when the crops are fed 
to live .stock. 
The older prairie and upland timber soils of Illinois are ex-
ceedingly rich in potassium, but relatively deficient in both nitro-
. gen and phosphorus. In the worn hill lands nitrogen is usually 
more deficient than phosphorus, while in the average long-culti-
vated prairie soil phosphorus is more deficient than nitrogen. 
When grain crops are produced, as corn, oats, and wheat, 
about two-thirds of the nitrogen and three-fourths of the phoo-
phorus but only one-fourth of the potassium required for the crop 
are stored in the grain or seed; while about one-third of the nitro-
gen, one-fourth of the phosphorus, and three-fourths of the po-
tassium are stored in the straw or stalks. 
Thus, a large crop of corn (100 bushels to the acre) will contain 
about 100 pounds of nitrogen in the grain and 48 pounds in the 
stalks; 17 pounds of phosphorus in the grain and 6 pounds in the 
stalks; 19 pounds of potassium in the grain and 52 pounds in the 
stalks. Quite similar relations exist between the grain and straw 
of other crops. 
Now with these facts in mind it is plain to see that a system 
of farming in which the grain is sold and only the stalks and 
straw are kept on the farm and returned to the soil carries off in 
the grain much of the nitrogen and phosphorus, in both of which 
these soils are more or less deficient and which should be returned 
to the land; while the potassium, of which the .soil contains an in-
exhaustible supply (enough in the first 7. inches for 100 bushels of 
corn per acre every year for seventeen centuries), is largely re-
turned in the straw and stalks. 
It should be remembered that legume crops, as clover, cow-
peas, and soybeans, are rich in both nitrogen and phosphorus, 
3i' tons of clover hay containing as much phosphorus, and 40 
pounds more nitrogen, than 100 bushels of corn. 
If the crops are fed to live stock, it is well to know that about 
one-fourth of the nitrogen and one-fourth of the phosphorus are 
retained in the flesh and bone of the animal, while three-fourths of 
the nitrogen and phosphorus and practically all of the potassium 
are returned in the solid and liquid manure. 
Thus we have another process of separation by which part of 
the needed nitrogen and phosphorus leaves the farm with the· ani-
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mals, while the potassi.um is again returned, even though it may 
not be needed. 
It should be a plain fact that manure made from animal ex-
crements with straw or stalks for bedding must be deficient in ni-
trogen, and still more deficient in phosphorus, but rich in potas-
sium, as compared with the r equirements of the crop; and this is 
especially noteworthy when the manure is to he used on land al-
reaq.y deficient in nitrogen and phosphorus, but well supplied with 
potassium. . 
In the case of nitrogen the difficulty can be overcome by mak-
ing a liberal use of clover or other legumes in the crop rotation 
and as catch crops, turning under these crops and crop residues 
so far as practicable. Legume crops may also be used in pastures 
to a .considerable extent, thJ.Is securing nitrogen from the air~ 
balance the deficiency in the manure. 
With the phosphorus, the difficulty is greater, because the 
proportion contained in the manure is less, and there is no such 
ever-present inexhaustible supply as in the case of nitrogen. 
INCREASING THE VALUE OF FARM MANURE 
It .must be apparent that to increase the value of farm manure 
we should add phosphorus to it. Thus we can balance manure 
and when used on soils rich in potassium in rotations with nitro-
.gen-fixing legume crops we can provide plant food in a balanced 
ration to meet the needs of the maximum crop yields. By these 
means we can check the progress of soil exhaustion and even 
gradually increase the fertility and productive capacity of the land. 
Indeed, we can thus profitably enrich such land evenbeyond its 
virgin fertility. 
By far the cheapest form of phosphorus is fine-ground raw 
rock phosphate. This material is but slightly available for the 
use of crops if applied to soi~s deficient in decaying organic mat-
ter; but, if applied in intimate connection with rotting manure, it 
is thus made sqluble and available for plant growth. 
Certainly one of the most profitable, and probably the very 
most profitable, method of maintaining the necessary supply of 
phosphorus in the soil is to put back into the manure in the form 
of fine-ground raw rock phosphate ~omewhat larger amounts of 
phosphorus than the animal has retained in his bones. It is well 
for a time at least to put back larger amounts than the animals 
retain, because the soils are already deficient in phosphorus, and 
also because there may be some waste of manure. 
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These statements are based both upon the chemical analysis of 
soils and crops and manures, and also upon carefully conducted 
field experiments coverjng many years. 
The Maryland Experiment Station furnishes some valuable 
data from probably the earliest systematic investigations still be-
ing continued, and a large .amount of information is rapidly ac-
cumulating from our more extensive work in I~linois; but the most 
complete experiments of long duration are reported by the Qhio 
Experiment Station. Where 4{) pounds of fine-ground ·rock phos-
phate, costing about 16 cents, were added to each ton of manure 
and 8 tons of manure per acre were applied for a three-year ro-
tation of corn, wheat, and clover, the value of the increase in crop 
yields was equal to $2.66 for each ton of manure used, in case of 
yard manure (which was worth only $1. 64 per ton without the 
phosphate); and, in case of the stall manure, its value was in-
creased from $2.22 a ton to $3.42 by the addition of the 16 cents 
worth of rock phosphate, these results being the average of 9 years' 
experiments on three different series of plots, based upon increas-
ed yield valued at 35 cents a bushel for corn, 70 cents for wheat, 
and $6.00 a ton for clover hay. 
If we deduct the cost of the phosphate used, we still have 
what might be termed a net value of $2.50 for the phosphated 
yard manure and $3.24 a ton for the phosphated stall manure. 
Of course it would be equally appropriate, and possibly more 
so, to speak of "manured phosphate" . instead of "phosphated 
manure", because the rock phosphate actually furnishes the need-
ed and deficient element, phosphorus, while the manure helps to 
make it available. On this basis we may say that the value of 40 
pounds of rock phosphate is increased from 16 cents to $1.02 by 
mixing with a ton of yard manure, and from 16 cents to $1.20 by 
mixing with a ton of stall manure, after deducting the value of 
the untreated manure in each case. 
The most important fact to keep in mind, however, is that 
both the manure and rock phosphate are much more valuable 
when used together than when used separately, because manure 
is deficient in phosphorus and rock phosphate does not act except 
in connection with rotting organic matter. As a rule it is better 
to use sufficient rock phosphate with each ton of manure so as to 
supply about 200 pounds of rock phosphate per acre for each year 
in the crop rotation. (A good grade of raw rock phosphate cost-
ing $8 to $10 a ton delivered in Illinois contains at least 12! per-
cent of the actual element phosphorus. It is as rich as steamed 
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bone meal, twice as rich as acid phosphate, and four times as rich 
in phosphorus as ordinary "complete" commercial fertilizers cost• 
ing $20 a ton.) 
There are two very satisfactory methods of mixing the rock 
phosphate with the manure. One is to sprinkle the phosphate 
over the manure from day to day as it is being made in the stall 
or covered shed. The other method is to fill the spreader part full 
of manure, then sprinkle phosphate over it sufficient for the load, 
:finish loading with manure, and drive to the field and spread. 
This produces an intimate mixture and a very uniform distri-
bution, and requires practically no extra work to get the phos-
phate on the land. Care should be taken that the manure is not 
. too dry when the phosphate is sprinkled over the load, otherwise 
the dry rock dust may get into the gearing or bearings of the 
spreader and cause them to wear rapidly. 
NORMAL AND ABNORMAL SOILS 
There are some extraordinary or abnormal soils. Thus, there 
are soils exceedingly rich in nitrogen and well supplied with phos-
phorus, but very deficient in potassium; as, for example, certain 
peaty swamp soils on which the application of potassium produces 
an increase in the corn crop usually amounting to more than 30 
bushels per acre, and on which Illinois farmers are already using 
about twenty thousand dollars' worth of concentrated potassium 
salts annually, and with a net profit of more than 200 percent. 
There are soils exceedingly rich in phosphorus and well sup-
plied with potassium, but deficient only in the element nitrogen, 
and which require only a liberal use of legume crops to be turned 
under as green manures or returned to the soil as stable manure in 
order to render them highly productive and profitable soils. 
Abnormal soils of this class exist in considerable areas in the 
geologic neighborhood of phosphate regions, as in certain sec-
tions of Tennessee and southern Kentucky. Some of these soils 
contain twenty times as much phosphorus as the average Illinois 
corn belt soil. · 
But, when we consider the ordinary, normal upland timber 
and prairie soils of Illinois, there are two substances always to be 
kept in mind, and always to be provided in abundance, for any 
and every system of permanent agriculture to be practiced on 
these soils. These two essential substances are phosphorus and 
decaying organic matter, which will, of course also supply the 
nitrogen. 
16 
It is not of so great consequence by what methods or in what 
forms these materials are supplied. 
Phosphorus can be purchased in grain, or in other concen-
trated foodstuffs, to be fed with clover hay, it may be, a~d then ap-
plied in the form of farm manure.; or phosphorus may b~ applied in 
the form of bone meal, which is also a farm product, or it may be 
obtained from the great phosphate mines of our southern states, 
as we obtain coal from our extensive mineral deposits. 
The decaying organic matter may be supplied in farm manure, 
or in sufficient quantities of legume crops not harvested and re-
moved from the land, but turned under as green manures, includ-
ing the use of rotation pastures, or still better and more easily, 
and usually more profitably, by a combination of these metho~s. 
But there can be no permanent agriculture for these soils b~r 
any system under which the phosphorus is removed a;nd sold in 
grain and bone in larger amounts than are returned to the soil, 
nor under any system by which the organic matter of the soil is 
worn out or destroyed more rapidly than it is replaced. 
. On the other hand, systems of permanent agriculture for 
these soils are not only possible, but they are more profitable than 
any system under which the soil .grows less productive. 
Let us consider some of the results already. obtained on soil 
experiment fields in different parts of Illinois on a few important 
types of soil. 
SOILS DEFICIENT IN NITROGEN 
Normal soils on sloping hill lands are usually most deficient 
in the element nitrogen. They can be improved by growing clov-
er or other legumes and turning these yrops under either directly 
or in the form of manure. In some places, more especially in 
southern Illinois, these soils are more or less acid, and this acidi-
ty must be corrected by lime or ground limestone in order to grow 
legume crops successfully .. 
On the Vienna soil experim~nt field in Johnson County where 
corn is grown in a three-year rotation, 118 bushels of corn per 
acre have been produced as a ~otal for the past four years on un-
treated rotated land. The turning under of legume crops and 
catch crops without lime has produced only 6 bushels total increase. 
Where.lime has been applied with this legume treatment, the pro-
duce has bee~ 168 bushels in four years, a gain of 50 bushels of 
corn, or 12! hq.shels a year. No further increase in corn has been 
made as yet by phosphorus or potassium. 
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Four wheat crops on untreated rotated land (wheat being 
grown on the same land once in three years) have produced' 12 
bushels, averaging 3 bushels a year. Where legumes have been 
turned under the four crops of wheat amounted to 24 bushels, and 
with legum.e-lime treatment 47 bushels of wheat have been ob-
tained, averaging 12 bushels a year. 
Thus, legumes without lime increased the average yields by 
H· bushels of corn and 3 bushels of wheat; and legumes with lirrie 
increased the average yields by 12t bushels of ·corn and 9 bush-
els of wheat. Phosphorus and potassium have further increased 
the yield of wheat, but not sufficiently as yet to justify their use 
when all crops grown are considered. 
Some pot culture experiments conducted with soil from worn 
sloping timber la.nd in Henry County furnish results that still 
further emphasize the need of nitrogen in this class of soils. It 
should be understood that ·pot cultures are carried on under perfect 
control and with almost ideal conditions for the highest yields 
possible with the soil used. 
Oats were grown in these pot cultures and they yielded at the 
rate of 21 bushels per acre on untreated soil. With potassium ap-
plied the rate of yield was 23 bushels, with phosphorus 31 bushels, 
and with nitrogen applied the rate of yield was 225 bushels of oats 
per acre. 
Sand soils are also markedly deficient in nitrogen as a r:ule. 
On the Green Valley soil experiment field in Tazewell County as 
an average of three tests each year, nitrogen produced 31 bushels 
per acre increasein corn in 1902 and 43 bushels increase in 1903; 
also an increase of 27 bushels of oats per acre in 1904 and 18 
bushels of wheat per acre in 1905; a,nd in 1906 four plots not receiv-
ing nitrogen yielded 18 bushels, 10 bushels, 8 bushels, and 18 
bushels, respectively, of corn per acre, while four other adjoining 
or intermediate plots, whose treatment differed from the first four 
only in the application of nitrogen, produced, respectively, 63 ' 
bushels, 71 bushels, 75 bushels, and 66 bushels of corn per acre. 
On similar adjoining land, where nitrogen had been supplied 
on~y by growing and turning under cowpeas, four plots prodt,Iced 
58 bushels, 43 bushels, 46 bushels, and 54 bushels of corn per acre, 
respectively. 
SOILS DEFICIENT IN POTASSIUM 
. Peaty swamp lands are commonly exceedingly rich in nitrogen, 
well supplied with phosphorus, but very deficient in potassium. 
On the Momence soil experiment field, in Kankakee County, corn 
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has been grown every year for five years on one series of plots. 
Three plots in this series not treated with potassium have produced 
14.3 bushels, 10.0 bushels, and 10.6 bushels, respectively, of corn 
per acre as a total for the five crops, the average annual yield be-
ing 2.4 bushels per acre of corn of very poor quality. On three 
adjoining plots of similar land, whose treatment differed only in 
the application of potassium, the total corn produced in the five 
crops is 221.9 bushels, 242.8 bushels, and 233.7 bushels, respec-
tively, thus making an average annual yield of 46.6 bushels of 
corn per acre. 
As an average of the five years at 35 cents a bushel for corn 
the average annual net value of the increase produced by potas-
sium amounts to $12.06 an acre after paying for the cost of the 
potassium applied. 
While peaty swamp lands are very abnormal in composition, 
they are abundant in northern Illinois, and their improvement 
with the use of potassium is becoming quite general. Indeed the 
annual profits from the use of potassium on these peaty swamp 
lands in Illinois is already known to be far above the total annual 
appropriation. for the investigation of Illinois soils. 
But of far greater interest and importance to Illinois are the 
results obtained from the improvement of the· ordinary prairie 
and upland timber soils, representing the most abundant soil 
types of the state. 
Counting 35 cents a bushel for corn, 25 cents for oats, 70 cents 
for wheat, and $6.00 a ton for clover hay, for the increases pro-
duced in these crops by the different elements of plant food ap-
plied, we may summarize in a very brief and satisfactory manner 
the results thus far secured from a sufficient number of the soil 
experiment fields on these important soil types to furnish a clear 
understanding and a reliable basis of opinion concerning the rel-
ative and actual value of these plant food elements during the 
first five years. 
METHODS OF SOIL INVESTIGATION 
It should be understood that most of the results reported in 
this paper have been secured from what we term "complete fer-
tility" experiments, which were designed for the one purpose of 
securing information as quickly as possible concerning the needs 
of the soil. 
Thus, in order to learn quickly and certainly if the soil needs 
more nitrogen we have applied nitrogen liberally in one of the best 
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and most expensive forms. Other experiments are in progress 
to ascertain how rapidly and how economically we can secure ni-
trogen from the air by legumes in crop rotation. 
Again, in order to learn if the soil needs phosphorus we have -
applied phosphorus in steamed bone meal, which is known to fur-
nish it in a very good and readily available form, although at three 
times the cost of natural rock phosphate. Other experiments 
are in progress to ascertain how rapidly we can make rock phos-
phate available under various conditions. 
We have also applied the element potassium in the ordinary 
commercial salts, as potassium sulfate and potassium chlorid, in 
order to learn if this element of plant food applied in readily 
available form will increase our crop yields. Other experiments 
are being carried on with the hope of ascertaining the best me-
thods of liberating sufficient potassium from the immense supply 
naturally contained in most soils. 
It will be understood then that while the information already 
secured, both by soil analysis and by pot cultures and field exper-
iments, shows conclusively that certain soils are deficient in cer-
tain plant food elements and that the addition of these elements 
produces large increases in crop yields, the investigation is by 
no means complete as to the most profitable means of supplying 
these different plant food elements in systems of permanent agri-
culture. 
If the total supply of any element in the soil is limited, as is 
the case with nitrogen and phosphorus in most soils, it seems 
certain that no system of agriculture can be permanently success-
ful unless we return to the soil as large or larger amounts of that 
element as we remove in crops. It is because of this apparently 
self-evident fact that our standard application of phosphorus is 
slig-htly more than the amount removed in very large crops, so 
that under this treatment the soil must grow richer and richer in 
phosphorus. 
One other very important point should alway be kept in mind 
in considering the effect of soil treatment on crop yields. This is 
the fact that the material in which the plant food element is ap-
plied may produce an indirect effect which may cause an increase 
in the crop yield not due to the element in mind for its own sake, 
but due to some stimulating action of the applied substance upon 
other elements already in the soil. Soluble salts, such as sodium 
nitrate, acid phosphate, and potassium salts, are known to pro-
duce some very marked indirect or stimulating effects, similar to 
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the effect of that powerful soil stimulant, landplaster. Materials 
used for this purpose which do not supply in themselves the de-
ficient plant food element in sufficient amount to fully meet the 
. needs of the crop are to be used with caution and with full un-
derstanding that they tend to make the soil poorer and poorer in 
the element liberated. Light and infrequent applications of farm 
-manure and only occasional crops of clover act to a greater or less 
extent as soil stimulants, if they liberate plant food from the soil, 
and thus enable the crops to remove much larger amounts of fer-
tility than are actually supplied by the manure or clover. 
In the case of nitrogen and phosphorus we have tried to avoid 
these indi.rect or stimulating effects . by using dried blood and 
steamed bone meal in place of any soluble salts, as sodium nitrate 
and acid phosphate, which are very commonly used for such ex-
periments; but there is no satisfactory insoluble readily available 
form of potassium, and consequently we could not avoid using a 
soluble potassium salt. Thus, . in considering the results report-
ed below, we may have confidence that the effects produced by 
nitrogen and phosphorus are properly to be credited to those ele-
ments for their own value as plant food, · but the effects on crop 
yields produced by potassium salts applied to soils naturally rich 
in that element are undoubtedly due in part at least to an indirect 
or stimulating action. 
The actual cost per acre per annum for the materials used in 
these complete fertility experiments is about $15 for 100 pounds 
of :Q.itrogen in dried blood, $2.50 for 25 pounds of phosphorus in 
200 pounds of steamed bone meal, and $2. 50 for 40 pounds of po-
tassium in 100 pounds of potassium sulfate. Thus, for five years 
the cost per acre is $75for nitrogen, $12.50 for phosphorus, and 
$12.50 for potassium. 
SOILS DEFICIENT IN PHOSPHORUS AND NITROGEN 
On the Antioch soil experiment field, in Lake County, on tim-
ber soil, where nitrogen has been applied in dried blood the value 
ot the increase in five years amounts to $6.04 an acre; where phos-
phorus has been applied in steamed bone meal the value of the in-
crease is $33.73 an acre in five years; and where potassium has 
been used in addition to both nitrogen and phosphorus, under the 
most favorable condition, the value of the increase by potassium 
is $12.12. 
On the Bloomington soil experiment field, in McLean County, 
on prairie soil, the increase produced by nitrogen alone is worth 
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$1.77 in five years; where bone meal was applied the value of 
increase by phosphorus is $22.77; and where potassium was a p-
plied under the best conditions, the increase in crops was worth 
$10.50. 
Of greatest interest is the increase produced on· this typical 
corn belt land where both nitrogen and ·phosphorus were pro-
vided. This amounted to $36.49 in five years. These results 
show that this soil needs both phosphorus and nitrogen, but it 
needs phosphorus first. Thus the nitrogen without phosphorus 
was worth only $1.77, but in addition to phosphorus ·the nitro-
gen was worth $13.72 an acre in five years. · On the other hand, 
the phosphorus alone was worth $22.77 ;· but when ·used with 
nitrogen the phosphorus was worth $34.72 above what the ni-
trogen alone was worth. 
In a s<;>mewhat different rotation on -the Sibley soil experi-
ment field in Ford County; on prairie land, the value of increases 
produced in five years has been $2.45 for nitrogen, $12.99 for 
phosphorus, $27.47 for nitrogen and phosphorus together, and 
$.20 for potassium when applied in addition to nitrogen and phos-
phorus. 
PHOSPHORUS AND CLOVER 
. As was anticipated when 'these experiments were begun, we 
are securing information more rapidly where we are applying 
nitrogen in commercial form at an annual cost of $15 or more per 
~ere than where we depend entirely upon legume crops grown in 
the rotations. While phosphorus is usually the most deficient ele-
ment in the prairie soils, that element cannot increase the yield 
more thap. 10 to 20 bushels as a rule until nitrogen becomes the 
limiting element; and where we use phosphorus without nitrogen 
the nitrogen limit of yield grows lower and lower until ultimately 
it sinks below the phosphorus limit, after which phosphorus has 
. no power to increase the yield until the supply of nitrogen is in-
creased. The very marked inyrease in clover produced by phos-
phorus is due to the fact that for this crop there is no nitrogen 1imit 
qecause ~f the available soil nitrogen is ~nsufficient the clover plant 
can draw upon the atmospheric nit~ogen for enough to balance 
its own ration. 
Thus, on_ the Bloomington field in. 1~06, phosphor~s increased 
the yield of clover from . 58 ton to 1. 65 tons, a gain of 1. 07 tons 
per acre by phosphorus; and, as an average of the last three years 
on the experiment field at Urbana, phosphorus has ·increased the 
yield of clover from . 73 ton to 1. 75 tons per acre, the gain for 
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·phosphorus being more than one ton of clover hay per acre as an 
average of three successive years, all weights reported being for 
thoroughly air-dried hay (not merely .field-cured)_ 
The importance of phosphorus and clover is very well illus-
trated by considering the yields from two plots in the three-year 
rotation on the university field at Urbana, which differed in yield-
ing power by only 3 bushels of corn per acre as an average of 
three years previous to the beginning of treatment. 0ne of these 
plots has been receiving phosphorus since 1902, while the other 
receives no phosphorus. Otherwise the two plots are treated 
alike in every respect. 
In 1903, the yields of corn were 71 bushels and 84 bushels, 
making 13 bushels in favor of the phosphorus-treated plot. 
In 1904, the yields of oats were 48 and 60 bushels, a gain of 
12 bushel for phosphorus. 
In 1905, the yields of clover were .87 and 1. 83 tons of thor-
oughly air-dry hay, a gain of . 96 ton, showing that the phos-
phorus more than doubled the yield. 
In 1906, corn was again grown on these plots and it was to 
be expected that the corn would be benefited, not only by the 
phosphorus applied, but also because of the larger amount of clo-
ver roots and residues left on the phosphorus plot. · The yields of 
corn in 1906 were 58 and 84 bushels, a difference of 26 bushels in 
favor of the phosphorus plot. The value of the increase for the 
four years is $22.41, while the phosphorus cost only $10 in steamed 
bone meal, and the same amount of phosphorus can be purchased 
in raw rock phosphate for $3. 20. 
On the Virginia soil experiment field in Cass County, nitro-
gen is already the limiting element, being more deficient than 
phosphorus. 
The value of the increase produced by nitrogen in five years 
is $6. 94; that by phosphorus alone is only $1. 78, but where nitro-
gen and phosphorus are applied together the increase is worth 
$13.89. Potassium produced $4.00 worth of increase under the 
most favorable conditions. 
· It is known that the untreated check plots on the Virginia 
field were somewhat better than the other plots in the field when 
the experiments were begun. This has been a rather heavy handi-
cap against the soil treatment, although the treated land has over-
come this handicap and made some additional gains, as shown by 
the data given. 
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If we consider nitrogen under the most favorable conditions, 
as we have regularly done with potassium, we shall probably 
have a more trustworthy opinion of its importance on the Virginia 
field. Where nitrogen has been applied in addition to both phos-
phorus and potassium, the value of the increase by nitrogen is 
$31.80 an acre from the five crops. 
SOIL PROBLEMS IN SOU THERN ILLINOIS 
If we turn to the experiment fields on the southern Illinois 
prairie lands, we may summarize the results in a similar manner, 
but we shall find additional problems peculiar to those soils, some 
of which will doubtless require much further investigation for 
correct and final solution. 
First of all we should emphasize the fact that the common 
soil in this great area is acid, or sour, and that some form of lime 
must be applied to the land in liberal amount as a part of any sys-
tem of improvement for this soil, especially for the benefit of 
clover and other legume crops which are so essential in good crop 
rotations. 
Ground limestone promises to be both the best and the most 
economical form of lime for this purpose, and definite arrangements 
have already been made, under the direction of the Governor and 
the Board of Prison Industries, to have the St~te furnish this ma-
terial to the farmers at cost. 
Information thus far secured indicates that finely ground lime-
stone will be delivered at the railroad stations in southern Illinois 
at a cost varying from $1.00 to $2.00 a ton, that 2 to 4 tons per 
acre will be sufficient for an initial application, and that 50 cents 
an acre a year should be ample to provide for subsequent applica-
tions sufficient to keep the soil sweet. 
As an average of 56 tests made during the past three years on 
crop rotations inoeluding cowpeas, clover, corn, oats, and wheat, 
the average annual value of the increase in crop yields from the 
use of lime or limestone on these soils has been more than five 
times this estimated average annual expense. 
These soils are not only deficient in lime, but they are also 
very deficient in phosphorus and in decaying organic matter need-
ed to make available for plant growth the potassium and other 
mineral elements naturally contained in the soil in very large 
.quantities, also to keep the phosphorus in available combination, 
and ultimately, of course, to furnish nitrogen, which, however, at 
present is less effective when applied than either phosphorus or 
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potassium, as will be seen from the data given. 
As an average of duplicate tests ·on the DuBois field in Wash-
ington County, nitrogen alone has produced $2.19 increase in five 
years; the increase from phosphorus in bone meal has been $20:74; 
while potassium applied under the most favored conditions, has 
produced increases valued at $9. 93. · 
It is noteworthy, however, that the effect of potassium on 
certain very important crops, as corn, clover, and cowpeas, is more 
marked in the later years; and it is becoming evident that until 
we are able to increase the supply of decaying organic matter in 
those southern Illinois prairie soils, we may find some profit in 
using potassium, best supplied in kainit, perhaps, probably 
for its combined effect as plant food and as a soil stimulant, 
possibly serving in part to make phosphorus more available un-
der the existing cond~tions. 
In this special connection, the results obtained from the use 
of potassium salts and of other salts as well in investigations ex-
tending over half a century at the Rothamsted Experiment Sta-
tion are of great interest and value: 
Where wheat was grown continuously without organic manures, 
the yield was increased 5.6 bushels per acre, as an average of the 
first 24 years, by the application of 200 pounds per annum of po-
tassium sulfate. This might seem to be conclusive proof of the 
. need of potassium in the Rothamsted soil, but such was not indi- . 
cated by the soil analysis. Furthermore, when, instead of the 
potassium sulfate, an application of. 280 pounds of magnesium 
sulfate was substituted, exactly the same increase was produced 
as an average of the 24-year period. • 
During the second 24-year period the potassium salt increased 
the average yield by 8.8 bushels, while the increase by magnes-
ium sulfate was only 6. 6 bushels. 
In the case of barley grown continuously on 'the same land for 
48 years, the application of sodium salts without potassium pro-
duced a larger average increase than when potassium was includ-
e~ in the application . . 
These results certainly emphasize the fact that the effect pro-
duced by potassium salts on lands rich in native potassium ma.y 
be due largely at least to its power as a soil stimulant and that the 
same effect may be secured by applying other less expensive sol-
uble salts or probably still more economically by means of decay· 
ing organic,matter, which, however, must be first produced before 
it can be t~rned under. 
25 
On the Cutler experiment field in Perry County, nitrogen has 
produced no increase; phosphorus alone in bone meal has made 
only $4. 85 in five years; while potassium used alone has returned 
only $1.23 in the five years. 
Under the most favored conditions for each element in turn, 
nitrogen has produced no gain, phosphorus a gain worth $15.54 
and potassium a gain worth $13.82. When phosphorus and po-
tassium were used together the gain was $25.56 per acre in five 
years, when applied in bone meal and potassium sulfate. 
Some extensive experiments are in progress on this soil in 
which these elements are brought together at .much less expense, 
the phosphorus being supplied in rock phosphate and the potas-
sium in smaller amount in kainit, which, however, also carries 
some other salts which may produce the indirect or stimulating 
effect. The object of this as of other soil investigations js to find 
some system of permanent agriculture that shall also be profitable 
on this southern Illinois soil, and it is to be hoped that the use of 
this soluble fertilizer and stimulant can soon be replaced by ma-
nure or other organic matter from the increased crops. 
On the regular rotation field at Cutler where nitrogen is se-
cured only by growing legumes, the five-year increase by phos-
phorus and potassium together is $18.34, of which $9.12 were se-
cured during the first three years, while $9.22 were secured dur-
ing the last two years. 
Likewise on the Odin soil experjment field in Marion County, 
the average increase for the first three years does not pay for the 
cost of treatment, but the increase produced on three series of 
plots during the last two years on two crops of corn, two of wheat, 
one of cowpeas, and one of clover, slightly .more than paid the 
cost of the bone meal and potassium sulfate. 
'l'he average yields produced on these best treated plots were 
57 bushels of corn, 33 bushels of wheat, 1.3 tons of clover, and 2:4 
tons of cowpea hay. 
On one division of the Edgewood soil experiment field in Effing-
ham County, where the land has been tile-drained for six-years, 
and where the soil has been treated with one application of 10 tons 
of ground limestone and the regular amounts of phosphorus and 
potassium, the following yields have been secured: 
Clover, 2.69 tons per acre in 1904; 
Corn, 87 bushels per acre in 1905; 
Oats, 73 bushels per acre in 1906. 
The value of the increase produced by the lime, phosphorus 
26 
and potassium, over the untreated land_, is $17.96 for the last three 
years, averaging $5.99 per acre per annum. 
It should be understood that the present value of this land is 
at least $l00 an acre less than that of the ordinary corn belt land; 
that with proper treatment this land should continue to improve, 
and with the crops now being produced considerable manure will 
be made which can be returned to the land to further increase the 
crop yields and at the same time permit some decrease in the 
purchase of commer.cial plant food, especially of potassium. 
Furthermore, it should be kept in mind that systems of soil 
improvement must be adopted even for the corn belt land in order 
to maintain its present value and productive power. 
Time will not permit the discussion of other southern Illinois 
problems concerning which we have some information and need 
very much more, including the effect and feasibility of tile-drain-
age and subsoiling, the special value of farm manure on these lands, 
and the crops and crop rotations best adapted to the profitable 
improvement of southern Illinois soils. 
PERMANENT AGRICULTURE ON EVERY FARM 
In conclusion, I beg to repeat a suggestion which I made at 
your annual meeting four years ago, to the effect that every land-
owner adopt a system of permanent soil ma.intenance or of soil 
improvement on at least an acre strip of land across every im-
portant cultivated field , making his plan for this from his own 
knowledge combined with all of the information obtainable from 
the soil experiment fields and other soil investigations. 
Whatever treatment is decided upon should be applied and 
repeated with every rotation with any modifications justified by 
accumulated knowleage and results, until it is demonstrated upon 
the individual farm that there are systems of permanent profitable 
agriculture of unlimited application that can be practiced in 
Illinois. 
When making these plans for our most common normal 
prairie . lands in northern, central, and southern Illinois, it may 
well be kept in mind that our three greatest problems are : 
· (1) To secure nitrogen from the inexh austible supply in the 
air. 
(2) To liberate potassium from the practically inexhaustible 
supply in the soil. 
(3) To return phosphorus to the soil in some form in as large 
or linger amounts than are removed in crops. 
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tle, 47 million hogs, and 52 million sheep, at more than 2-l billion 
dollars. 
The evidence is sufficient to fully justify the conclusion, and 
practical observing farmers will agree, that at least one-third of 
the manure produced is wasted on the average American farm. 
If this is true, then the total value per annum of all commercial 
fertilizers used in the United States (amounting to about ·75 mil-
lion dollars) is equal to only one-tenth of the annual waste of 
farm manure. This is no argument against the intelligent and 
profitable use of commercial plant food by those who make, and 
save, and use, farm· manure to the greatest possible practicable 
extent, but it serves dnly to ·emphasize the tremendous loss to 
the country from the waste ' that is permitted. 
The opinion is sometimes expressed that the manure made 
from the crops grown on the farm should be sufficient to maintain 
the fertility ofthe soil. I have made diligent inquiry at many 
farmers' institutes in various parts of Illinois for men who -own 
farms of 160 acres ; or more that have ever had manure applied 
over the entire fa~m made only from crops grown on the farm. I 
have found only one such man; and I believe that one-half of the 
land on 90 percent of the farms of Illinois has never rece!Ved 
a dressing of farm manure. · 
VALUE OF FARM MANURE 
It is one thing to say that farm manure has~ a value, but quite 
another thing to say what that value is or to what it is ·due. · 
The positive or intrinsic value of farm manure' 'lies in the 
amounts of valuable plant food which it contains. It also possess-
es an imp'ortant indirect value as a soil stimulant, due· to its 
power as it ferments and decays, in contact with the soil, to liber-
ate from the soil plant food that would not otherwise become 
availa?le so quickly. There is still another distinct value in farm 
manure due to the fact that it makes the soil more porous and 
spongy and thus increases the power of 'the soil to absorb and 
retaip. moisture and to resist surface washing. In other words, 
this third value of farm manure is due to improveme~t in physical 
condition. 
The value of farm manure for- its physical improvement of 
the soil is commonly fully appreciated, and frequently over.esti-
mated by popplar agricultural writers, while its value for the 
plant food which it supplies and for that which it liberates from 
the soil is sox:netimes almost ignored. 
